Abstract In addition to technical skills, nontechnical factors appear to influence surgical results. This study aims to analyze how visuospatial ability, self-efficacy, and flow are associated with simulated laparoscopic performance of residents in obstetrics and gynecology (OBGYN). In this cohort study, 28 residents in obstetrics and gynecology were tested for visuospatial ability and self-efficacy prior to simulator training. All participants subsequently conducted a basic set of tasks in the simulator. Self-efficacy, once again, and flow were assessed after training. Nineteen of the subjects then completed a 2-day course with identical simulator tasks, although now to a predefined credential level. Visuospatial ability correlated with simulator performance in the technically most advanced simulator task in the basic set ("total time," r0−0.40, p00.039). Flow correlated with: "right instrument pathway"(r0−0.40, p00.004) in that same task and with the 2-day overall training results (r0−0.56, p00.017). Self-efficacy correlated with the 2-day result (r0−0.56, p00.013) and significantly improved after training (p00.011). When constructing a curriculum for OBGYN residents, visuospatial abilities and non-technical factors like flow and self-efficacy should be considered.
Background
The lack of structured training programs for residents performing surgery is jeopardizing patient safety [1] [2] [3] . Simulators are becoming important training tools in preparing for various real-life scenarios. For example, computerized simulations appear to be beneficial for enhancing the technical performance among surgery and obstetrics and gynecology (OBGYN) residents [4] [5] [6] .
In addition to technical skills, nontechnical factors appear to be important when constructing a surgical curriculum. Previous studies have reported behavior-rating systems for surgeons based on skills, such as situation awareness, decision making, communication, and leadership. Such systems appear to be beneficial for safe surgical practice [7] [8] [9] [10] .
Our research group has focused on trying to identify nontechnical factors that might influence the learning process during image-guided simulator training. Visuospatial ability, commonly defined as the capacity to generate "a mental representation of a two-or three-dimensional structure and then assessing its properties or performing a transformation of the representation" [11] appears to influence operative performance. We have previously reported that visuospatial abilities correlate with simulated laparoscopic performances among surgical novices and for consultants in OBGYN [12] [13] [14] .
Since simulator training appears to improve surgical performance, testing residents for visuospatial abilities could improve the design of individual training programs.
Another important feature of the learning process is selfefficacy, i.e., one's belief in one's ability to succeed in specific situations [15] . For example, Maschuw et al. [16] reported that low self-efficacy correlates with poor simulator performance among surgical residents. Flow, i.e., "to move or run smoothly with unbroken continuity and concentration and complete absorption in what one does" [17] , is another factor that appears to be of importance for task performance. A recent study shows that repeated team training of cardiopulmonary resuscitation in a virtual world increase concentration, as well as self-efficacy in medical students [18] . Assessments of self-efficacy and flow might therefore be useful for evaluating a training program's or an instrument's effectiveness and feasibility.
The aim of the present study was to explore visuospatial ability, self-efficacy, and flow in OBGYN residents in relation to laparoscopic simulator performance, in preparation for constructing a gynecological curriculum.
Methods
The study group consisted of 28 OBGYN residents from 21 different hospitals in Sweden. Exclusion criteria were more than ten independently performed laparoscopic tubal occlusions or attendance at a simulator course prior to the study. The study intended to investigate the abilities among laparoscopic novices with no prior laparoscopic simulator training.
The study was conducted at the Center for Advanced Medical Simulation and Training (CAMST), at Karolinska University Hospital, Stockholm, Sweden, during a week in 2009. The regional Research Ethics Committee of Stockholm approved the study.
Visuospatial ability
In order to test for visuospatial ability, all participants first completed the redrawn Vandenberg and Kuse Mental rotations test, version A (MRT-A) [19] . The test consists of 24 items each containing a target figure to the left with four stimulus figures to the immediate right of the target figure. The task for the test subject is to mentally rotate the stimulus figures around the vertical axis. Participants had to identify both of two correct alternatives in order to get a score of "1." Thus the maximum score was 24. Each participant was given the items organized into two subsets consisting of 12 items each. Three minutes were given to complete each subset. There was a 1-min break between each part. Instructions, procedures, and scoring were identical to those of Peters and collaborators [19] .
Simulator performance
For laparoscopic gynecological simulation, we used the LapSimGyn® VR (virtual reality) (Surgical Science AB, Gothenburg, Sweden) simulator, which is an advanced laparoscopic simulator with proven construct validity [20] [21] [22] . The system consists of software that runs on a Xeon-1.8 GHz processor using the Microsoft Windows® XP (Microsoft Corporation, Redmond, WA, USA) operating system. The computer is equipped with 256 MB internal RAM, a NVIDIA Quadro2 EX graphics card (NVIDIA Corporation, Santa Clara, CA, USA), a 15-inch monitor, and a virtual laparoscopic interface manufactured by Immersion, Inc. (San Jose, CA, USA).
All participants did one set of basic procedures to get familiar with the simulator and then one to two more sets to complete the basic simulator training.
Additionally, 19 of the subjects completed a 2-day course, which consisted of the same set of tasks. The subjects trained until they reached a predefined credential level in the simulator [4] . The simulator tasks performed were "cutting," "clip applying," "lifting and grasping," "tubal occlusion," and "salpingectomy." The most demanding task in this set was "lifting and grasping," and it was therefore selected in subsequent analyses. This skill, as well as the other in the set, has previously been reported to discriminate between novices and experts, i.e., to demonstrate construct validity [21] . In this task, you need to move a small needle with great precision and use a short distance (instrument path length), a small angle (instrument angular path length), and speed (total time) to reach the credential level.
The simulator parameters analyzed in the task "lifting and grasping" were "total time" (seconds), left and right "instrument angular path length" (degrees), and "instrument path length" (meters). The performance during the 2-day training course was measured by the number of trials until reaching the credential level in the task "lifting and grasping" and the sum of trials of all tasks until reaching credential level.
Self-efficacy
Individual self-efficacy is a capability in which cognitive, social, emotional, and behavioral skills must be organized and effectively orchestrated to serve several different purposes. Self-efficacy is not concerned with the number of skills you have, but what you believe you can do with the skills you have. Banduras' cognitive theory suggests that, while successful performance enhances, repeated failures reduce perceived self-efficacy [23] .
In this study, self-efficacy was assessed using a threeitem questionnaire where each item was rated on a 7-grade Likert-type scale. The subjects completed the questionnaire before and after basic training as well as after the 2-day training course. Self-efficacy was calculated as the sum of all items [24] .
Flow
Flow experience is reported to facilitate learning, encourage one to attempt a difficult task, promote the pace of creativity, increase the joy during an activity, and create meaning of involvement in an activity [25, 26] .
Four categories of flow [27] were self-assessed using a 0-10 visual analog scale (enjoyment, four items; concentration, four items; control, three items; exploratory use, four items). A flow score was calculated as the sum of all items. Flow was assessed after the basic simulator set and after the 2-day simulator training.
Study design
The 28 OBGYN residents were first tested regarding visuospatial ability using MRT-A. They completed the self-efficacy evaluation before and after basic simulator training. The 19 participants taking the 2-day training course were additionally evaluated after the course. Flow was assessed following both basic and extensive simulator training (Fig. 1) .
Statistical analyses
Data analyses were carried out using JMP® version 9.0.0 (SAS Institute, Inc., Cary, NC, USA) for Mac OS X ® version 10.5.7 (Apple, Inc., Cupertino, CA, USA). All the variables were tested for normality. Pearson's correlation was used to analyze the relationship between visuospatial ability, self-efficacy, and flow, respectively, and simulated laparoscopic performance. Student's t test was used to investigate differences in self-efficacy mean scores between the different sessions of simulator training. A level of p<0.05 was considered to be statistically significant.
Findings
The basic simulator set The 28 subjects (23 females and five males; mean age of 34 years ±5 SD) performed a basic set of tasks in the simulator. The first of two sets was performed to allow the subjects to familiarize themselves with the simulator.
We analyzed the performance of the second session of the task "lifting and grasping."
We first tested if visuospatial abilities and self-efficacy influenced the simulator performance. For this purpose, MRT-A scores were correlated with the parameter "total time" in the task "lifting and grasping." These two parameters were indeed inversely correlated with each other (r 0−0.40, p0.039; Fig. 2 ). The visuospatial ability and self-efficacy were not intercorrelated.
No significant correlation was observed between selfefficacy, before or after the basic simulator set, and the simulator performance.
Next, we assessed whether the experience of flow correlated with the basic simulator performance. Flow correlated with four of the basic "lifting and grasping" simulator performance parameters analyzed (Table 1) . We next investigated whether visuospatial ability and selfefficacy had an impact on the simulator performance when subjects were trained. For this purpose, the 19 subjects (15 females and four males) who attended the 2-day course and who then all passed the pre-evaluated credential levels were further studied. Whereas the average number of sessions to reach the credential level in the task "lifting and grasping" was 31, the other tasks only required between four and 15 sessions, suggesting that "lifting and grasping "was the most demanding task. The average number of trials of all tasks, to reach credential level, was 69. When assessing simulator data from the 2-day course, we analyzed the number of trials until reaching the credential level in the task "lifting and grasping," as well as the sum of trials of all tasks until reaching credential level. The sum of trials of all tasks to reach credential level was calculated to generate an overall result from the 2-day training.
We also wanted to analyze the association between extensive simulator training and flow.
Performance in "lifting and grasping" and the overall result correlated with flow and self-efficacy, assessed after the course. Furthermore, the overall simulator results correlated with self-efficacy scores assessed before training (Table 2) .
MRT-A, however, did not correlate with the simulator performance when subjects were trained.
A comparison of self-efficacy scores before basic training and after the 2-day simulator training suggested improvement in self-efficacy after intensive simulator training (Fig. 3) .
Because of the gender imbalance, we also subanalyzed the female group. Most correlations became stronger, although when excluding the males, self-efficacy before the 2-day training and flow after did not significantly correlate to lifting and grasping. The correlations with the overall training result were still significant though.
Prior to the study, 14 of the residents had performed zero to one tubal occlusion, five of the residents had performed two to five, and ten of the subjects had performed six to ten laparoscopic tubal occlusion independently.
Discussion
In this study, we report correlations between visuospatial ability, flow, and self-efficacy, respectively, and the performance in image guided simulation, among residents in OBGYN. We also report an increase in self-efficacy after intense simulator training. To the best of our knowledge, these parameters have not previously been evaluated in OBGYN residents.
We chose to analyze the most difficult task in the simulator, "lifting and grasping" [21] , in relation to self-efficacy, flow, and visuospatial ability. For this task, the average number of trials to reach the credential level was 31, whereas the typical gynecological procedures, "tubal occlusion" and "salpingectomy," were not as challenging, requiring only 4 and 8 trials, respectively. These procedures were, however, included when we analyzed the overall result, i.e., the sum of all tasks, to reach the credential level.
In this study, visuospatial ability correlated with the outcome of simulator performance only in the technically more demanding "lifting and grasping" in the basic simulator set. Table 2 Correlations between simulator performance, self-efficacy, and flow
Self-efficacy before
Self-efficacy after Self-efficacy was assessed before and after the 2-day simulator course. Flow was assessed after the 2-day simulator course Fig. 3 Self-efficacy score before and after the 2-day training This is in line with the study by Westman et al. [13] and Hedman et al. [14] who demonstrated that visuospatial abilities correlate positively with performance in the technically more demanding simulated colonoscopy and arthroscopy, respectively. Moreover, we previously reported that the visuospatial abilities of consultants in OBGYN correlated with the more demanding tasks during laparoscopic simulator training [12] . In the present study, visuospatial ability did not, however, correlate with simulator performance after training intensely during 2 days. These findings suggest that this type of training can compensate for a lesser visuospatial ability in novices. Testing the visuospatial ability can thus identify individuals who might benefit from such supplementary training and who need support in specific surgical tasks. It, however, remains to be established if visuospatial abilities also influence the actual surgical performance.
Others have reported that nontechnical factors play important roles in performing and learning the technical skills in surgery [8] [9] [10] 28] . Artino et al. reported that medical students who are bored and anxious achieve less theoretically. In their study, self-efficacy was positively correlated with enjoyment and negatively associated with boredom [29] . This is in line with Pain et al. [30] who reported that the performance of youth soccer players was negatively influenced by anxiety and boredom. Similarly, the findings of Maschuv et al. [16] suggest that surgical residents with low self-efficacy perform poorly during simulated laparoscopy.
In the present study, those who reported a high flow score, i.e., being able to concentrate and being engaged in and enjoying the task, performed better in the simulator, after the basic set as well as after extensive training, than those who reported low flow scores. This observation suggests that the simulator and the tasks are feasible and user friendly. One can speculate that the more the simulator task simulates an authentic operation, i.e., exhibit face validity, the greater the enjoyment, concentration, and performance will be. Simulators' accessibility and feasibility thus could be evaluated according to the flow experience. Future studies should therefore investigate the relationship between the face validity of simulator tasks and the flow experience.
Self-efficacy scores correlated positively with simulator performance suggesting that a high self-confidence level is important for the simulated surgical result. Moreover, selfefficacy increased after intense training, indicating a gain in confidence from the training. This is important because a higher confidence might lead to a better result in the next training session.
The majority of tasks for most OBGYN practitioners are outside of the operating room (OR). Because the tasks performed in the OR are discipline specific, procedures among surgical residents cannot always be generalized to OBGYN residents. We therefore think it is important to distinguish residents in OBGYN from the residents in surgery, when investigating performance in the simulator, as well as the nontechnical skills that might impact the surgical performance, and furthermore when designing a training program.
One limitation in this study was the gender imbalance. This reflects the situation in at least a Swedish gynecological setting. The gender aspect should be further explored in a future study.
The findings from this exploratory study should be replicated by also using other validated instruments for assessing self-efficacy and flow, as well as a control group design in order to analyze for cause-effect relationships.
Conclusions
When building a curriculum for residents in OBGYN, factors like enjoyment and concentration, as well as confidence, need to be considered. Flow and self-efficacy should be further investigated in relation to the actual performance in the operating theater.
